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Abstract

The aim of the study was to explore the role of basic fibroblast growth factor (bFGF) in ovarian cancer
progression. This was done by investigating the effects of bFGF on both the secretion of urokinase-type
plasminogen activator (uPA) and the invasion of tumor cells in SKOV, ovarian cancer cells. Human ovarian
cancer cell line SKOV, was cultured in vitro. The expression of uPA gene and protein was induced in SKOV,
cells; the impact of bFGF on the expression of uPA gene in SKOV, cells was studied by RT-PCR, and the
impact of bFGF on the expression of uPA protein was tested by ELISA. Ets-1 antisense oligonucleotides
were transfected into SKOV, cells by liposome protocol. The effects of bFGF on Ets-1 expression and the
invasion ability of SKOV, cells were determined both before and after exposure to different concentrations
of bFGF for 24 h. The expression of both uPA gene and protein was induced in SKOV, cells, p<0.05. The
expression of uPA was suppressed by Ets-1 antisense oligonucleotides in SKOV, cells, p<0.05. The inva-
sion ability of SKOV, cells was increased by 2.3-fold, and this effect was also suppressed by Ets-1 antisense
oligonucleotides. bFGF can enhance the invasion ability of ovarian cancer cells in vitro by inducing the

expression of uPA, and this effect is also regulated by the transcription factor Ets-1.
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Introduction

Basic fibroblast growth factor (bFGF), a 146 amino-
acid polypeptide, is a member of a family of molecules
encoded by seven genes; itis involved in embryogenesis,
angiogenesis, and wound healing (Potgens et al., 1995).
As apotent angiogenesis factor, bFGF is frequently found
in malignant tumor and tumor-adjacent tissue, related
to the microvessel density of a tumor.

In ovarian cancer, bFGF expression has been found
in tumor tissues, cancer cell lines, serum, and ascetic
and malignant effusions, related to tumor grading and
staging (Di Blasio et al., 1995; Barton et al., 1997; Yoneda
et al.,, 1998; Ueda et al., 2001; Davidson et al., 2002a).
Investigations by Davidson and colleagues (2002a)
showed that bFGF was the major angiogenic factor in
ovarian carcinoma. Also, bFGF has a prognostic value. In

fact, the level of serum bFGF combined with CA125 as an
ovarian tumor marker has a higher specificity than CA125
alone (Davidson et al., 2002b; Le Page et al., 2006).

The way in which bFGF promotes the progression
and metastasis of malignant tumors through regulating
angiogenesis has been well elucidated (Potgens et al.,
1995). Sako et al. (2003) found that bFGF could increase
the expression of vascular endothelial growth factor
(VEGF) of mesothelial cells and promote peritoneal
metastasis. More recently, bFGF was found to be related
to paclitaxel resistance (Gan et al., 2006). All these find-
ings have thrown light on the mechanism by which
bFGF participates in tumor progression and metas-
tasis, but the underlying mechanisms are not yet well
understood. In endothelial cells, bFGF can promote cell
invasion and migration by stimulating the expression of
proteases such as urokinase-type plasminogen activator
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(uPA) and metalloproteinases (MMPs) (Iwasaka et al.,
1996). In cervical carcinoma, glioma tumor, and gastric
cancer, etc., bFGF has been found to be related to pro-
tease expression (Mori et al., 2000; Forbes et al., 2003;
Kanda et al., 2005; Zhao et al., 2005). Among the large
number of proteases involved in cellular invasion, uPA
plays an important role as it initiates the activation of
metalloproteinases and the conversion of plasmino-
gen to plasmin (Collen, 1999; Daneg et al., 2005). The
overexpression of uPA is found in nearly all kinds of
malignant tumors, including advanced ovarian cancer.
Cai et al. (2007) found that uPA was involved in metas-
tasis and had a prognostic value related to epithelial
ovarian cancer (Schmalfeldt et al., 2001). Based on all
these findings, we hypothesize here that bFGF can
stimulate uPA expression in ovarian cancer cells, and
promote the invasion of cancer cells. Also, as uPA is
one of the target genes regulated by transcription factor
Ets-1 (Watabe et al., 1998), we hypothesize that the effect
of bFGF is regulated by Ets-1.

In this study, we observed the effects of bFGF on
the expression of uPA and Ets-1, and on cell invasion
in SKOV, ovarian cancer cell lines, before and after the
inhibition of Ets-1 expression using Ets-1 antisense
oligonucleotides.

Materials and methods

Cell culture

SKOV, cells were cultured in RPMI 1640 medium
(Invitrogen) supplemented with 10% heat inactivated
fetal bovine serum (FBS), 100units/mL of penicillin,
and 100 pg/mL of streptomycin, and the cells were
incubated at 37°C in a humidified 95% air and 5% CO,
atmosphere. When the cells reached subconfluence,
basal medium (Invitrogen) containing 0.5% FBS with
different concentrations of bFGF (0.1, 1, 10, 100ng/mL)
were incubated for 24 h. Recombinant human bFGF was
purchased from Invitrogen, and solutions were prepared
in Tris with 0.5% bovine serum albumin (Sigma).

Reverse transcription polymerase chain reaction
(RT-PCR) analysis

The cell total RNA was extracted using a Total RNA
Isolation Kit (Takara) and treated with RNase-free DNase.
The reverse transcription (RT) reaction was carried
out using the following: 4 ug of total RNA, 1 L of oligo
primer, 1 pL of 10mM dNTP, 4 L of 25 mM MgCl,, 2 pL
of 0.1 mM dithiothreitol (DTT), and 2 L of SuperScript
I1 Reverse Transcriptase (Invitrogen) at 42°C for 50 min.

For the polymerase chain reaction (PCR), 2L of
cDNA was incubated with 2 uL of 5x buffer, 1.6 uL of
dNTP, 0.1pL of DNA polymerase (Invitrogen), 2pL

of 25mM MgCl,, 1L of primer pairs, and 10.3 L of
water. PCR was performed for 33 cycles of 1 min at 94°C,
1min at 58°C, 1 min at 72°C, and a final elongation step
of 7min at 72°C.

The human  Ets-1 PCR  primers  were
5-TCACAGAGTCCTATCAGACGC-3’ (sense)
and 5-GTCCTTATTGAGGTCAGCACG-3’
(antisense); the human uPA primers were
5-AGAATTCTACCGACTATCTC-3’ (sense)
and 5-ATTCTCTTCCTTGGTGTGAC-3’ (anti-
sense); and the human (-actin primers were
5-GTGGGGCGCCCCAGGCACCA-3* (sense) and
5-CTCCTTAATGTCACGCACGATTTC-3’ (antisense).

Amplified products were separated on 2% agarose gel
and visualized by means of ethidium bromide ultraviolet
fluorescence. The expression of a respective target gene
was calculated by the density of the corresponding PCR
product divided by that of 3-actin.

Measurement of uPA levels by ELISA

The supernatant was obtained from cultures of SKOV,
cells treated with different concentrations of bFGF using
a uPA enzyme linked immunosorbent assay (ELISA) kit
(Adlitteram Diagnostic). Samples were assayed in tripli-
cate. All data were within the linear range of the standard
curve generated by use of 0.0, 0.10, 0.25, 0.50, 0.75, and
1.0ng/mL uPA, which was provided with the kit.

Antisense oligonucleotide treatment of cell monolayers

A 20-mer antisense oligonucleotide was used to knock
down Ets-1 expression. The sequences were: antisense
5-AGATCGACGGCCGCCTTCAT-3’, and sense control
5’-ATGAAGGCGGCCGTCGATCT-3". The oligonucle-
otides were purified by high-pressure liquid chromatog-
raphy. Cells were treated with oligonucleotides by the
method described in the manufacturer’s instructions for
DOTAP (liposomal transfection reagent; Roche). Briefly,
cells were grown to be about 60-70% confluent and
rinsed with serum-free RPMI 1640, and then incubated
in serum-free RPMI 1640 with 6 pg/mL DOTAP (Roche)
and 16 ng/mL oligonucleotides for 6 h.

Invasion assay

The invasion ability of cells treated with or without
Ets-1 was assessed by the following method. Cells were
washed, and resuspended at 10° cells/200 wL in serum-
free medium with 10 ng/mL bFGF and Ets-1 oligonucle-
tides or bFGF only. The cells were distributed to upper
transwells coated with Matrigel (BD Bioscience). The
bottom chambers were filled with 10 pg/mL fibronectin.
The cells were then incubated at 37°C in a humidified
95% air and 5% CO, atmosphere for 72h. After that, the



lower surface of the filter was fixed and stained. The
number of invading cells was calculated as the sum of
cells counted in five fields at a x40 magnification.

Statistical analysis

Results were assessed by Student’s t-test. The SPSS
computer package was used for all analyses, with p <0.05
considered as significant.

Results

Effects of bFGF on mRNA expression of uPA and Ets-1
in SKOV3 cells

The expressions of uPA and Ets-1 after incubation in
serum-free medium for 24h were used as basal lev-
els. After incubation with different concentrations of
bFGF (0.1, 1, 10, 100 ng/mL) for 24h, we observed a
significant increase of both uPA and Ets-1 expression.
The mRNA levels of uPA and Ets-1 were increased by
3.2- and 2.5-fold, respectively, when treated with bFGF
(10ng/mL), compared with control. The up-regulation
of these two genes showed a dose-dependent response
(Figure 1).

Effect of bFGF on protein secretion of uPA

Using ELISA, we found that uPA protein expression was
increased with bFGF treatment and was highest with
the treatment of 100 ng/mL bFGE. This effect showed a
dose-dependent response (Figure 2).

Effects of antisense Ets-1 oligonucleotides on Ets-1 and
uPA expression

The use of antisense oligonucleotides blocked the
induction effect of bFGF on Ets-1 and uPA expression.
Sense oligonucleotides, as control, showed no change
of effect. uPA mRNA expression was increased by
3.2-fold with 10ng/mL bFGF treatment and decreased
to 1.4-fold when cells were transfected with antisense
Ets-1 oligonucleotides. Similar results were observed
with uPA protein expression: a 2.5-fold increase reduced
to 1.4-fold upon transfection with antisense oligonu-
cleotides. These results indicate that Ets-1, a bFGF-
regulated transcription factor, plays an important role in
regulation of uPA expression in SKOV, cells.

Effect of bFGF on cell invasion of SKOV3 cells

Finally, as uPA plays key roles in tumor invasion, we
wanted to know whether knock-down of Ets-1 expres-
sion altered tumor invasion induced by bFGEF. After
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induction by bFGE, we observed a 2.3- and 2.4-fold
increase of cell invasion in the control and sense Ets-1
oligonucleotide groups, respectively, but only a 1.5-
fold increase in the antisense oligonucleotide group
(Table 1). This shows that Ets-1 plays an essential role
in tumor invasion induced by bFGE

0O 01 1 10 100 ng/mL

Figure 1. RT-PCR analysis of uPA and Ets-1 genes. After SKOV, cells
were cultured in basal medium and different concentrations of bFGF
(0.1, 1, 10, 100ng/mL) for 24 h, a significant change of expression of
uPA and Ets-1mRNA of SKOV, cells was observed. The increase of
both genes presented a dose-dependent response. 3-actin was func-
tioning here as a housekeeping gene.
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Figure 2. Effect of bFGF on secretion of uPA protein. Each bar rep-
resents mean + SEM. After treatment with different concentrations
of bFGF (0.1, 1, 10, 100ng/mL), supernantant was obtained from
cultures of SKOV; cells, and tested by ELISA. The expression of uPA
protein increased due to stimulation with bFGF in a dose-dependent
manner.

Table 1. Effect of bFGF on cell invasion of SKOV, cells and the effect
of antisense oligonucleotides on that procedure.

Fold increase
Treatment Migrated cells  (vs. control)
Basal medium (control) 1.9+0.7
10ng/mL bFGF 4.4+1.0 2.3
10ng/mL bFGF + sense Ets-1 4.5+1.0 2.4
oligonucleotides
10ng/mL bFGF + antisense Ets-1 2.9+0.9 1.5
oligonucleotides
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Discussion

Among the angiogenic factors, bFGF is best character-
ized. It stimulates endothelial cells to secrete proteases
such as MMPs and uPA, which results in degradation of
the vessel basement membrane, allows cells to invade
the surrounding matrix, and contributes to the neo-
vascularization of tumors (Mandriota & Pepper, 1997).
However, little was known about the mechanism of the
effect of bFGF on protease secretion or cell invasion in
cancer cells.

In this study, we tested the effect of bFGF on the
expression of uPA in ovarian cancer cell line SKOV,. As
we hypothesized, bFGF stimulated the expression of
uPA in ovarian cancer cells in a dose-dependent man-
ner. A similar finding was reported for glioma cells in a
previous study (Mori et al., 2000).

Urokinase-type plasminogen activator is one of the
most important proteases in tumor progression, not
only because it participates in angiogenesis through
degradation of the vessel basement membrane, but also
because it contributes to tumor invasion and metastasis
by degradation of the extracellular matrix, thus allowing
cells to overcome the constraints of cell-cell and cell-
matrix interactions (Collen, 1999; Dang et al., 2005). In
this study, we found that bFGF increased the invasion
ability of SKOV; cells and this effect was accompanied
by increased uPA expression. This finding showed a
clear correlation of uPA expression and tumor cell inva-
sion. This possibility was also supported by the fact that
Ets-1-inhibited expression significantly diminished the
invasion ability of SKOV, cells induced by bFGF, and
decreased uPA expression. Together with previous find-
ings in glioma, our studies support a novel mechanism
of the effect of bFGF on tumor progression: in addition
to contributing to angiogenesis, bFGF promotes tumor
invasion through the up-regulation of uPA expression
(Kitange et al., 1999).

Finally, we tested the possible pathway of bFGF
in uPA regulation. As uPA is one of the target genes of
Ets-1 in breast cancer cells (Watabe et al., 1998), we
hypothesized that Ets-1 participates in this regulation.
Using an antisense oligonucleotide of Ets-1, we found
that the expression of uPA gene and protein was signifi-
cantly decreased by suppressing the Ets-1 gene, and so
was the cell invasion ability. Our studies indicated that
bFGF regulation of uPA expression and cell invasion
is mediated by Ets-1. Kitange et al. (1999) described a
similar phenomenon in a study of glioma cells. A recent
study by Fujimoto et al. (2004) also showed a significant
relationship between Ets-1 and invasive ovarian cancer
(Davidson et al., 2003).

The serum concentration of bFGF was reported to
range from 4 to 33ng/mL in ovarian cancer patients
(Di Blasio et al., 1995). However, the concentration of

bFGF in the peritoneal cavity is much higher, since cel-
lular injury or death may release more bFGF. Hence,
we chose the following concentration gradient of
bFGEF: 0.1, 1, 10, 100ng/mL. In this range, we found
a dose-dependent response in the regulation of uPA
expression.

Our experiments were performed in vitro, and the
effects may not be the same in vivo, but the results ena-
ble us to reach a better understanding of the various
mechanisms that regulate the metastatic process; fur-
thermore, they can help to provide reasonable targets
for the development of new antimetastatic therapies.

Declaration of interest: The authors report no conflicts
of interest.
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